ABSTRACT: Before choosing the method of the estimate of reference evapotranspiraton (ET0) in a region, it is important to evaluate the degree of precision of the model. The present research aimed to evaluate the performance of 30 methods for daily ET0 estimate in the Cassilândia city, Brazil.
INTRODUCTION
Evapotranspiration is the simultaneous process of water loss to the atmosphere through evaporation of the soil and plant transpiration, and it is a fundamental climatological component corresponding to the opposite rain process. Evapotranspiration is controlled by the energy balance, by the atmospheric demand, by the supply of water from the soil to the plants and by the physiological characteristics of the plants. However, to avoid conflicts, the concept of reference evapotranspiration (ET0) was introduced, which definition is linked to the process of water loss to the atmosphere considering a large area covered by grass with height between 0.08 and 0.15m in active growth, covering completely the soil and without water disabilities (PEREIRA et al., 2009 ).
ET0 is a parameter used in agricultural water balance and in climatological and hydrological modeling processes, in order to estimate irrigation requirements, crop forecasting, assessment of water resource availability, agroclimatic zoning and characterization of climate (BACK, 2008) .
According to PEREIRA et al. (2009) , the ET0 can be determined by means of estimation methods (indirect), which are less costly than the direct methods, since its application is based on meteorological parameters measured at appropriate stations. According GRISMER et al. (2002) , there are approximately, fifty methods for estimate ET0, which require distinct meteorological information, and therefore often produce inconsistent results. The Penman-Monteith method (ALLEN et al., 1998) has been recommended by the FAO as standard to calculate the ET0 and has been used worldwide. This method requires several input parameters such as air temperature, relative humidity, solar radiation and wind speed. However, there is a limited number of meteorological stations to monitor these weather variables. This lack of meteorological data leads to
MATERIAL AND METHODS
The meteorological data required for execution of this study were taken from the National Institute of Meteorology (INMET) for the automatic meteorological station in the city of Cassilândia, state of Mato Grosso do Sul (Latitude 19º 07' 21"S, Longitude 51º 43' 15" W, Altitude 516m) for four years, from April 2008 to March 2012.
The meteorological data used in the research were: average temperature, maximum and minimum (ºC); average relative humidity, maximum and minimum (%); average dew point temperature, maximum and minimum (ºC); average pressure, maximum and minimum (hPa) wind speed at 10 m height (m s -1 ) and global radiation (kJ m -2 ). Data were obtained from a meteorological station that consists of the equipment WAWS 301 (Automatic Weather Station) of the Brand VAISALA, whose composition is described as follows: (1) Pyranometer CM6B; (2) Pressure Sensor PMT16A; (3) Thermometer QMH102; (4) Hygrometer QMH102; (5) Pluviometer QMR102 and (6) Anemometer WAA151. The hourly meteorological data were converted to daily data. In order to make the meteorological variables data more homogeneous, verification was made and, subsequently, the information considered discrepant or inconsistent was eliminated, aiming to obtain more representative data groupings. The methodologies used in this research to estimate the daily reference evapotranspiration (ET0) are presented in Table 1 . 
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Rn s Uz -measured wind speed at "z" m above ground surface, m s -1 , and z -height of measurement above ground surface, m.
The net radiation was estimated according to the following equations: After obtaining the daily ET0 through different methodologies it was conducted a regression analysis that correlated the ET0 values estimated by empirical equations with the Penman-Monteith method-FAO 56 (ALLEN et al., 1998) . It was considered the coefficients "a" and "b" of the respective linear regressions and the coefficient of determination (R 2 ). The best alternative was the one that showed regression coefficient "a" near to zero, coefficient "b" near the unity and higher coefficient of determination, more than 0.60. The precision was measured through the coefficient of determination, which indicates the degree to which the regression explains the sum of the total squared (TAGLIAFERRE et al., 2012a) .
The models performance analysis was performed by comparing the daily ET0 values obtained by empirical methods such as the Penman-Monteith-FAO 56 (ALLEN et al., 1998) . The methodology adopted for comparison of results was proposed by ALLEN et al. (1989) , and is based on the standard error of the estimate (ESE), calculated by [eq. (5)]. The best method to estimate ET0 was the one that presented the lowest ESE. The correlation coefficient (r) can be classified as: "very low" (r < 0.1), "low" (0.1 < r < 0.3), "moderate" (0.3 < r < 0.5); "high" (0.5 < r < 0.7); "very high" (0.7 < r < 0.9); and "almost perfect" (r > 0.9).
The coefficient "c", proposed by CAMARGO & SENTELHAS (1997) , is interpreted in accordance with authors such as: "great" (c > 0.85); "very good" (0.76 < c < 0.85); "good" (0.66 < c < 0.75), "average" (0.61 < c < 0.65), "badly" (0.51 <c < 0.60), "not good" (0.41 < c < 0.50) and "terrible" (c < 0.40).
RESULTS AND DISCUSSION
It is observed that the Blaney-Morin method underestimated ET0 values only when the Penman-Monteith-FAO 56 method showed estimates above 2.0 mm day -1 . The methods Abtew, Hamon, Global-Radiation and Stephens-Stewart underestimated ET0 when the Penman-Monteith-FAO 56 values showed estimates above 3.0 mm day -1 , the Camargo method above 3.5 mm days -1 , the Lungeon and Thornthwaite-Modified method above 4.0 mmday -1 , and Blaney-Criddle-FAO 24 above 4.5 mm day -1 . The other methods stood out for the high regression coefficients "a" and "b", i.e., independent of the evapotranspirometric demand, these methods overestimated the ET0 values in relation to the standard method (Figures 1 and 2) .
Performance of estimative models for daily reference evapotranspiration in the city of Cassilândia, Brazil It is also observed in Figures 1 and 2 that the methods that showed the best result, according to the coefficient of determination (R 2 ) were the methods Penman-Original (R 2 = 0.9680) and Penman-FAO 24 (R 2 = 0.9649). This result was due to the standard method of Penman-Monteith-FAO 56 have originated these methods, and before that, using the same input parameters. The methods Penman-Original and Penman-FAO 24 also presented the regression coefficient "a" closer to zero and the coefficient "b" closer of the unit, confirming their superiority among other methods to estimate ET0 in climatic conditions in Cassilândia city.
Other methods that presented lines near to the ideal ratio of 1:1 were Priestley-Taylor, HicksHess, Liquid-Radiation, and Tanner-Pelton, but they showed adjustments (R 2 ) between 0.7701 and 0.7908. The worst adjustments of equations for determining ET0, according to R 2 , were for the methods Linacre, Ivanov, Garcia-Lopez, Blaney-Morin, Romanenko, Lungeon and Thornthwaite. This result was due these methodologies where was designed only to estimate monthly of the ET0 (FERNANDES et al., 2010; SCUDERI, 2010; CARVALHO et al., 2011) . Among these, many are characterized by their simplicity of equations by the reduced number of input parameters. Despite these advantages, the mentioned methods should not be used to estimate daily ET0 in the Cassilândia city. Some equations, when presenting their simplicity in calculations and input parameters are easy to acquire, they receive calibrations to be used in a particular region. However, in the last mentioned equations, they could not receive such calibration due to the high dispersion of their values with respect to the lines 1:1 presented in Figures 1 and 2 . KISI et al. (2012) in the United States. Although the Penman-FAO24 method has presented satisfactory R 2 , its Willmott's concordance value has not achieved the same success, making its performance (CAMARGO & SENTELHAS, 1997) rated only as "good". This result can be explained by the fact that the values estimated by Penman-FAO 24 have significantly overestimated the ET0 compared to the standard method in high evapotranspirometric rate moments (Figure 1) , therefore, during the comparison between these punctual values of ET0, there was a concordance index value reduction. The Stephens-Stewart method had a "very good" performance because it reconciled high values of Willmott's concordance and Pearson's correlation. Furthermore, this method has showed low ESE value, confirming its satisfactory performance. However, this method requires, in addition to temperature, global radiation data or number of hours of sunshine as input parameters, making it difficult to use in relation to methods that require only extraterrestrial radiation data, temperature and relative humidity. It is worth mentioning that the extraterrestrial radiation can be only obtained with date and latitude of the local, without the need, therefore, of devices for its measurement. Some authors also found satisfactory estimates of ET0 using the Stephens-Stewart method (KISI, 2009; KISI et al., 2012; SAHOO et al., 2012) .
The methods Original Hargreaves, Turc, Abtew, Hicks-Hess, Global-Radiation, LiquidRadiation, Temperature-Radiation received "good" performance, according to CAMARGO & SENTELHAS (1997) . These methods can be used to estimate ET0 in Cassilândia, Mato Grosso do Sul State, but have the drawback dependence of global radiation for their calculation, as previously reported for the Stephens-Stewart method.
The methods of Priestley-Taylor, Camargo, Hamon and Thornthwaite-Modified also received "good" performance, according to CAMARGO & SENTELHAS (1997) . The Priestley-Taylor method was developed to estimate the evaporation of saturated surfaces in a non-saturated atmosphere, which is the nature's normal condition (BARROS et al., 2009; CAVALCANTE JR. et al., 2011) and its performance confirmed with what was observed by MOURA et al. (2010) ; CUNHA (2012) and TAGLIAFERRE et al. (2012b) . The Camargo method is derived from the Thornthwaite method, and it works effectively in tropical climate and equatorial humid regions (CAVALCANTE JR. et al., 2011) . BACK (2008) also observed good daily ET0 estimates through the Camargo method in Urussanga city, Santa Catarina State, Brazil. By being fairly simple, requiring only average temperature data, it is expected that the Camargo method is used by those who lack complete meteorological stations. The Hamon method, despite the complexity of presenting many coefficients, requires only one parameter measured, average air temperature, making it a method with potential to be used in Cassilândia. The ThornthwaiteModified method can be used in the study area. However, the constants "a" and "I", necessary for estimating ET0, were taken of only four years of the series, because the Cassilândia's meteorological station has not present yet climatologic regular of 30 years, which would be recommended. Among all methods studied in this research, the equations Thornthwaite-Modified along with Thornthwaite, which received "not good" performance, are the only physical equations. Some researchers have found good performance in these methods in Brazil (BACK, 2008; SILVA et al., 2011; PILAU et al., 2012) , except ARAÚJO et al. (2012) for the Thornthwaite method in the State of Roraima, Brazil.
The other methods were "badly", "not good" or "terrible" and should not be used in Cassilândia. The Hargreaves-Samani method is widely used to estimate ET0 in the country, but it was rated as "not good", and it is not, therefore, recommended to the study area, corroborating with BACK (2008) ARAÚJO et al. (2012) in Boa Vista city, Roraima State. The Makkink method was developed for climatic conditions in Wageningem, the Netherlands, and probably this was the reason for its performance. Other researchers also observed the same behavior in their research (BARROS et al., 2009; CAVALCANTE JR. et al., 2011; ARAÚJO et al., 2012; MAGALHÃES & CUNHA, 2012) . The Linacre method is derived from Penman, estimating evapotranspiration through geographic data (latitude and altitude) and temperature, however, possibly denying of radiation and wind speed have turn it into unsatisfactory performance, corroborating PEREIRA et al. (2009) and CUNHA (2012) . The Ivanov method is simple and was developed to estimate ET0 for periods of at least a month. DORFMAN (1977) adapted the equation for calculating daily ET0 and, as verified, did not presented satisfactory performance in Cassilândia, supporting research the BACK (2008). The Kharrufa method has the same parameters as the Blaney-Criddle method-FAO 24, and both had poor performance, mainly due to low Willmott's concordance, corroborating the results of BACK (2008) and PEREIRA et al. (2009) . The methods Lungeon, Tanner-Pelton and Makkink also present coefficients obtained in other countries, and possibly, this is the explanation of low performance. The Tanner-Pelton method is based on net radiation, and their constants were obtained for the conditions of Wisconsin, United States.
CONCLUSIONS
In order, the best methods for estimating the daily reference evapotranspiration in the city of Cassilândia, Mato Grosso do Sul are: Penman-Original, Stephens-Stewart, Abtew, ThornthwaiteModified, Priestley-Taylor, Penman-FAO 24, Hicks-Hess, Liquid-Radiation, Turc, Hamon, Camargo, Temperature-Radiation, Global-Radiation and Original Hargreaves.
